OBJECTIVE: Obesity in children impacts on their health in both the short and long term. Having an accurate and precise body composition assessment, it may be possible to control growth process and predict adult status in order to reduce the risk factors for various diseases. METHOD: To review methods for body composition assessment that may provide new insights into the clinical practicality of paediatric obesity prevention/treatment. To present which specific outcome measurements in paediatric obesity prevention trials could be used to detect subjects at risk as early as possible. RESULTS: We discussed body composition measurements that could be used in daily clinical practice and as outcome measurements in prevention trials. CONCLUSION: These measurement procedures could be associated with methods for preventing obesity onset or retarding the weight gain associated with ageing.
Introduction
Obesity during childhood and adolescence is increasingly the cause of medical consultation. Obesity in children impacts on their health in both the short and long term. 1 The causes of paediatric obesity are genetic and environmental. 2 To promote obesity, both genetic and environmental factors must influence one or more components of energy balance. In this view, nutritional status that is defined as the result of introduction, absorption, and utilization of the nutrients has a new definition with the base of the relationship being between nutritional status and healthy status. In this view, energy balance, body function and specifically body composition are three entities correlated with each other. 3 The value of understanding paediatric body composition methods and applications is manifold. Body composition analysis in children provides a window into the complex changes that occur throughout childhood and provides the opportunity for metabolic and physiological correlations. Once body composition measurements are determined in large groups of healthy children, it will be possible to attain a greater understanding of the normal compartmental changes that occur with growth and development and the effects of disease and medications on body composition. Additionally, longitudinal body composition studies will help to clarify the relationship between childhood body composition and diseases that appear in adults. 4 The central aim of our paper is to discuss methods for body composition assessment that may provide new insights into the clinical practicality of paediatric obesity prevention/ treatment and also which specific outcome measurements in paediatric obesity prevention trials could be used to detect subjects at risk as early as possible.
Prevention of adverse outcomes
Attention in preventing paediatric obesity is likely due to several factors, such as increasing population prevalence, evidence for obesity-related health complications, and the not so promising results on long-term management of obesity. Overweight and obesity in children are known to have significant impact on both physical and psychological health. Hyperlipidaemia, hypertension, and abnormal glucose tolerance occur with increased frequency in obese children and adolescents. 5 Obesity in childhood is known to be an independent risk factor for adult obesity. 6 The rising prevalence of paediatric obesity resulted in a range of health policy statements, and it is nominated as a public health priority. 7 Prevention of overweight and obesity must rely on the modification of high-energy content of the diet and reducing sedentary lifestyle. 4 Studies suggest the importance of intervention that promotes sustained environmental manipulations to promote sustained behaviour change. 8 However, it is fundamental to consider the various factors that can influence body composition.
Having an accurate and precise body composition assessment, it may be possible to control growth process and predict adult status in order to reduce the risk factors for various diseases.
Measurements overview
In the following section, an overview of techniques for estimating body composition in children is provided. We have selected review methods that are considered appropriate for clinical and population based applications.
Direct chemical analysis of cadaver is the most accurate means of assessing body composition. However, the only practical means of measuring body composition is by noninvasive and indirect methods ( Table 1 ). All of the various indirect methods for measuring fat and fat-free mass have assumptions, and age-specific considerations.
Usually paediatric body composition is measured as twoor three-compartment models. The two-compartment model consists of the fat-and fat-free mass, and the threecompartment model adds skeletal or bone mass measurements. 9 Anthropometrics Anthropometrics measurements include measurements of skinfold thickness and circumferences.
Body mass index (BMI).
It is an expression of relative weight to height and is calculated as weight (W, in kg) divided by the square of height (H, in m):
Cole et al 10 recently proposed a definition using age-sexspecific centiles of the BMI pooled from several nationally representative data sets. Recently we confirmed and extended prior investigation, demonstrating a strong correlation between BMI and fatness (ie total body fat and percent body fat). 11 The BMI parameters appear to serve as a surrogate marker for fatness in epidemiological studies in children with certain conditions. The BMI parameter is essential to assess growth and development in children. Forbes 12 suggested that BMI be measured regularly from birth to better detect deviation from normal development (ie growth retardation or overweight/obesity).
Skinfold thickness. Skinfold thickness measurements in children can be used to estimate body density, fat-free mass, fat mass, and % body fat in conjunction with appropriate and validated paediatric prediction equations. Equations have been developed using a multicomponent method and thus provide applicability over the age range from prepubescent to postpubescent children. However, these equations tend to be population specific and accuracy is variable when applied in new populations. 13 Rolland-Cachera noted that anthropometric measures taken at different sites correlated differently with total body fat and % body fat. Specifically, triceps have a better correlation with percent body fat (r ¼ 0.6), whereas subscapular skinfolds correlate better with absolute body fat (r ¼ 0.7). 14 The errors in anthropometric measurements can be minimized with attention to details and well-trained operators.
Circumferences. Body circumferences are anthropometrics measurements that are useful in determining body size and body proportions in children. The use of these anthropometrics-based measurement methods is based on the concept that circumferences reflect fat mass and fat-free mass. 13 Circumferences are useful in determining fat distribution. Waist, hip, and thigh circumferences are used to predict body fat distribution in children, and waist and hip circumferences are both good predictors of intra-abdominal adipose tissue. 3 Chan et al 15 showed that the best determination of cardiovascular risk could be achieved by using waist circumferences as a measure of body fat distribution. Higgins et al 16 determined waist circumference cutpoints associated with adverse level of cardiovascular risk factors in kids. Waist circumference cutpoints indicative of adverse and normal risk factors profiles were 71 and 61 cm, respectively. Giving special attention to positioning the subject can increase reproducibility, as well as using anatomic landmarks to locate measuring sites.
Bioimpedance analysis (BIA)
This method is based on measurement of electrical resistance in the body to a tiny imperceptible current. BIA is based on a simple concept: tissues rich in water and electrolytes offer considerably less resistance to passage of an electrical current than does lipid-rich adipose tissue. This approach provides an estimate of total body water, which then is transformed into fat-free mass. Once fat-free mass is known, total fat can Paediatric obesity prevention A Pietrobelli be calculated as the difference between body weight and fatfree mass. 17 Prediction equations have been reported in the literature and are sometimes provided with commercial systems. Equations for estimating fat-free mass have been developed for 10-19-y olds using a three-compartment model and for children less than 10-y old using total body water and Lohman's constants. Additionally, race-specific prediction equations for fat-free mass have been developed. 3, 14, 17 It is important to underline that the standard measurement conditions (ie position, time of the day, and room temperature among others) are fundamental in order to obtaining accurate body composition estimates.
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Dual energy X-ray absorptiometry (DXA) Recent advances in techniques to measure body composition have provided DXA for assessment of the whole body as well as regional measurements of bone mass, lean mass, and body fat in children. The DXA method is now considered by some as the reference technique for determining body composition in adults. 18 The technical procedures for DXA scan acquisition and analysis give the opportunity to quantify relative attenuation of the two main photon peaks as they pass through the body. They resolve body weight into bone mineral and lean and fat tissue masses. Although the method is complex, systems conceptually measure each pixel's Rvalue as they pass over the whole body and then reconstruct three compartments, bone mineral, fat and lean soft tissue, using manufacturer-specific reconstruction algorithms. Software on DXA systems allows evaluation of regional body composition (ie arms, legs, and trunk) in addition to whole body estimates. 19 Reproducibility for DXA is approximately 0.8% for bone, 1.7% for fat, and 2.0% for body weight. 20 The radiation exposure is o7 mSv (0.7 mrem) if the scan is performed without an aluminium platform and less than 3 mSv (0.3 mrem) if the scan is performed with the aluminium platform. 13, 17, 19, 20 Outcome measurements
Looking at paediatric obesity prevention trials, it is important to underline the importance of interventions that promote sustained environmental manipulations to promote sustained behaviour change. A very recent review that looked at interventions for preventing obesity in children concluded that there is limited high-quality data on the effectiveness of obesity prevention programmes and no generalisable conclusion can be drawn. 21 This review assessed the effectiveness of educational, health promotion, and/or psychological/family/behavioural therapy/counselling/management intervention that focused on diet, physical activity, and/or lifestyle and social support. The studies that met the selection criteria were very few and with no focus on body composition. However, it is fundamental to quantify the main body components in order to study children correct growth, and the assessment of human physical characteristics is fundamental in the anthropological and medical fields. 12 Studies of body composition and various risk factors correlated in growing children should have important implications for preventive medicine. 12 
Conclusion
Previously, we discussed body composition measurements that could be used in daily clinical practice and as outcome measurements in prevention trials. These measurement procedures could be associated with methods for preventing obesity onset or retarding the weight gain associated with ageing. It is fundamental to underline that the clinicians should consider the various factors that can influence body composition. Regardless of which instrument is chosen to assess body composition, it is crucial for the clinician to meticulously follow the standard guidelines 22 and protocol associated with each method to limit measurement error. In addition, the conversion formulas and prediction equations selected must be restricted to the populations from which they were derived and validated. 23 
